Extraskeletal osteosarcoma (ESO) is a rare malignant mesenchymal neoplasm accounting for 1% -2% of all soft tissue sarcomas that produce osteoid, bone, and/or chondroid material. Here we report the first case of a retroperitoneal ESO in a 35-year-old pregnant woman. A retroperitoneal ESO was incidentally found at cesarean section. Despite treatment, she rapidly died from wide spread dissemination. We focus on histological characteristics including immunohistochemical results and differential diagnosis of ESO.
Introduction
Extraskeletal osteosarcoma (ESO) is a rare malignant mesenchymal neoplasm accounting for 1% -2% of all soft tissue sarcomas that produce osteoid, bone, and/or chondroid material, and is located in soft tissues without attachment to bone or periosteum [1] . As far as we know, there is no report of ESO in a pregnant woman so far. Here we present a case report of a retroperitoneal ESO that was incidentally found on cesarean section in a pregnant woman.
Case Report
A 35-year-old woman, gravida 0, para 0, presented to our hospital at 12 weeks' gestation. Her medical history was unremarkable. She underwent a routine antenatal check which identified a non-functioning right kidney. However, because of her pregnancy, further imaging studies were not performed to limit radiation exposure to the unborn foetus. She was later admitted to our hospital at 37 weeks' gestation because of premature rupture of the membranes. Oxytocin was administered in order to augment the labor and delivery, however, finally a decision was made to proceed with a cesarean section because of arrest of labor.
Her preoperative blood tests were abnormal; alkaline phosphatase 2791 IU/l (normal range; 110 -348), creatinine 2.67 mg/dl (0.5 -0.8), lactate dehydrogenase 376 IU/l (119 -221) and D-dimer 73.6 μg/ml (≤1) were high, and haemoglobin 9.2 g/dl (11.1 -15.2) was low.
On entering the peritoneum, we found a large amount of bloody ascites. Immediately after the delivery of the baby, uncontrolled haemorrhage was encountered posterior to the uterus from what appeared to be a solid mass in the retroperitoneum. The mass was large, haemorrhagic and necrotic. It invaded the uterus, right ovary and appendix. The right ureter was also involved by the tumour, resulting in severe hydronephrosis. In order to stop the haemorrhage, an en-block resection of the tumour together with total hysterectomy, right salpingo-oophorectomy, appendectomy and partial right ureterectomy was performed. Estimated blood loss was 12,860 g, and the patient received a massive transfusion of 24 units of packed red blood cells, 20 units of fresh frozen plasma and 20 units of platelet concentrate. The postoperative course of the patient was uneventful and the patient was discharged on the ninth postoperative day.
On macroscopic findings, a large haemorrhagic mass measuring 15 × 10 × 8 cm in size (indicated by the dotted line in Figure 1 (A)) was attached to the uterus (arrow) and right adnexa (arrowhead). The cut surface of the tumour (Figure 1(B) ) showed a mass that was extensively necrotic and haemorrhagic with invasion to the outer myometrium. Pale white irregular areas within the tumour felt bone-like consistency. On microscopy, the tumour was a high-grade sarcoma with marked proliferation of atypical pleomorphic polygonal and short spindle cells. The tumour had geographical necrosis. There were numerous mitoses and a number of these appeared abnormal. Frequent areas showed formation of irregular hyalinised collagen matrix or immature osteoid that was often associated with osteoclast-type giant cells (Figure 2(A) ). Of characteristic was that there were different stages of osteoid matrix formation throughout the tumour, and some of which showed calcification ( Figure  2(B) ). Other areas showed relatively mature lattice-like trabecular bone, consistent with those of a low-grade osteosarcoma (Figure 2(C) ). The tumour therefore showed both high-grade and low-grade osteosarcoma. Immunohisto-chemistry showed that the tumour cells were positive for MDM2 (Figure 2(D) ), CDK4 (Figure 2(E) ), p16 and vimentin, focally positive for αSMA and negative for desmin. Ki-67 labelling index was over 50%. The tumour invaded to the outer myometrium, periappendiceal tissue and right ureter resulting in right hydronephrosis. The endometrium was unremarkable except for changes associated with gestation. The tumour showed no connection with pre-existing bony structures. Based on these findings a final diagnosis of ESO originating from the retroperitoneum was made.
CT scan performed on post-operative day 17 revealed peritoneal dissemination in Morrison's pouch, which measured 23 × 14 mm in size (Figure 3) . Once again, there were no lesions seen in the bone.
On post-operative day 36, she was re-admitted because of abdominal fullness due to the accumulation of ascitic fluid. Three liters of bloody ascites was removed. CT scan showed that the mass in the Morrison's pouch had enlarged to 97 × 75 mm in size. Several other masses were also seen in the peritoneum and greater omentum. The patient received cisplatin, doxorubicin and pazopanib with no benefit. She died 6 months after the surgery.
Discussion
Here we have described a rare retroperitoneal ESO in a young pregnant woman incidentally found at cesarean section, who rapidly died from wide spread dissemination. Although skeletal osteosarcoma has been reported in pregnant women [2] , as far as we know, this is the first report of an ESO in a pregnant woman.
In addition, of interest in this patient, was that the tumour cells were strongly positive for MDM2, CDK4 and p16. A recent study reported that 6% -8% of primary and recurrent/metastatic high-grade skeletal osteosarcoma immunohistochemically expressed MDM2 and CDK4 [3] . These authors found that most tumours with the coexpression of the immunohistochemistry markers contained foci of coexistent low-grade osteosarcoma, whereas none of high-grade osteosarcoma lacking the coexpression contained foci of low-grade osteosarcoma. Thus the authors suggested that MDM2 and CDK4 coexpression was specific to a subset of high-grade osteosarcoma that had progressed from a low-grade precursor. Our present ESO case seems to support these findings with respect to immunohistochemistry and differentiation features.
It has recently been reported that dedifferentiated liposarcoma characteristically harbours MDM2 and CDK4 coamplification and coexpression [4] . Therefore it was mandatory to distinguish between ESO and dedifferentiated liposarcoma since the 2 tumours showed similar undifferentiated spindle cell characteristics. The present case showed extensive new bone formation by tumour cells ranging from irregular small hyalinised collagen or osteoid through to relatively mature larger osteoid with early calcification to mature lattice-like trabecular bone structure. Furthermore, there was no obvious lipomatous component within or adjacent to the tumour. Based on these findings, we favoured a diagnosis of ESO rather than dedifferentiated liposarcoma. Other possibilities such as uterine or tubal sarcomas are unlikely because the tumour was centered in the retroperitoneum.
ESO occurs in older adults compared with skeletal osteosarcoma. The median age for ESO is reported between 44 -55 years old, and mostly instances occur in adults over the age of 30 years old [1] [5] [6] . The most common location for primary ESO is the soft tissues of the thigh (27.3%), followed by the upper extremity (20.5%) and the retroperitoneum (17%) [1] . A history of prior trauma or radiation therapy is reported in 12.5% or 5% of patients, respectively [1] .
ESO is a very aggressive tumour with poor prognosis. The reported rates were 19% -69% for local recurrence and 37% -80% for distant metastases [6] - [8] . Overall survival rates at 5 years are poor ranging from 25% to 77% [5] [8] . Previous studies have shown large tumour size (<5 versus ≥5 cm), positive margins and deep tumours are to be significant prognostic factors [6] [7] [9] . Choi et al. concluded that neither radiation nor chemotherapeutic treatment were associated with a lower incidence of death due to disease or a longer event-free survival [7] .
In our case, tumour cells were strongly positive for MDM2 and CDK4, which supported the recent findings that MDM2 and CDK4 coexpression was specific to a subset of high-grade osteosarcoma that had progressed from a low-grade precursor.
